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Foreword

The U. S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's land, air, and water
resources. Under a mandate of national environmental laws, the Agency strives to formulate and implement actions leading to
a compatible balance between human activities and the ability of natural systems to nurture life. To meet this mandate, EPA's
research program is providing data and technical support for solving environmental problems today and building a science
knowledge base necessary to manage our ecological resources wisely, understand how pollutants affect our health, and prever
or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency's center for investigation of technological and manage-
ment approaches for reducing risks from threats to human health and the environment. The focus of the Laboratory's research
program is on methods for the prevention and control of pollution to air, land, water and subsurface resources; protection of
water quality in public water systems; remediation of contaminated sites and groundwater; and prevention and control of
indoor air pollution. The goal of this research effort is to catalyze development and implementation of innovative, cost-
effective environmental technologies; develop scientific and engineering information needed by EPA to support regulatory and
policy decisions; and provide technical support and information transfer to ensure effective implementation of environmental
regulations and strategies.

This publication has been produced as part of the Laboratory's strategic long-term research plan. It is published and made
available by EPA's Office of Research and Development to assist the user community and to link researchers with their clients.

E. Timothy Oppelt, Director

National Risk Management Research Laboratory



Abstract

This report summarizes the findings of an evaluation of the Unterdruck-Verdampfer-Brunnen (UVB) technology developed by
IEG Technologies Corporation (IEG) and demonstrated in association with Roy F. Weston, Inc. This evaluation was
conducted under the U.S. Environmental Protection Agency (EPA) Superfund Innovative Technology Evaluation (SITE)
program. The UVB treatment technology was demonstrated over a period of 12 months from April 1993 to May 1994 at March
Air Force Base (AFB) in Riverside, California.

This Innovative Technology Evaluation Report provides information from the SITE demonstration of the UVB technology that
is useful for remedial managers, environmental consultants, and other potential technology users in implementing the
technology at Superfund and Resource Conservation and Recovery Act (RCRA) hazardous waste sites.

The SITE demonstration for the UVB technology was designed with three primary and seven secondary objectives to provide
potential users of the technology with the information necessary to assess the applicability of the UVB system at other
contaminated sites. The demonstration program objectives were achieved through the collection of groundwater and soil gas
samples, as well as UVB system process air stream samples over a 12-month period. To meet the objectives, data were
collected in three phases: baseline sampling, long-term sampling, and dye trace sampling. Baseline and long-term sampling
included the collection of groundwater samples from eight monitoring wells, a soil gas sample from the soil vapor monitoring
well, and air samples from the three UVB process air streams both before UVB system startup and monthly thereafter. In
addition, a dye trace study was implemented to evaluate the system’s radius of circulation cell. This study included the
introduction of fluorescent dye into the groundwater and the subsequent monitoring of 13 groundwater wells for the presence
of dye three times a week over a 4-month period.

The technology was analyzed to identify its advantages, disadvantages, and limitations. The UVB technology was evaluated
based on the nine criteria used for decision making in the Superfund feasibility study process. The overall effectireness of t
system depends upon the time available for mass exchange between dissolved and vapor phase, the concentration gradient, tt
temperature of the operating system, the interface area of the bubble (bubble size), and the contaminant gas-liquigl partitionin
(mass transfer coefficient). The technology employs readily available equipment and materials. Material handling require-
ments and site support requirements are minimal. The technology as presented at the SITE demonstration is limited to
treatment of VOCs in the saturated zone and capillary fringe.
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Executive Summary

This report summarizes the findings of an evaluation of theombines air-lift pumping and air stripping to clean
Unterdruck-Verdampfer-Brunnen (UVB) technology aquifers contaminated with volatile organic compounds
developed by IEG Technologies Corporation (IEG) andVOC). A properly installed UVB system consists of a
demonstrated in association with Roy F. Weston, Inc. Thisingle well with two hydraulically separated screened
evaluation was conducted under the U.S. Environmentaitervals installed within a single permeable zone. The
Protection Agency (EPA) Superfund Innovativeair-lift pumping occurs in response to negative pressure
Technology Evaluation (SITE) program. The UVBintroduced at the wellhead by a blower. This blower
treatment technology was demonstrated over a period ofeates a vacuum that draws water into the well through the
12 months from April 1993 to May 1994 at March Air lower screened portion of the well. Simultaneously, air
Force Base (AFB) in Riverside, California. stripping occurs as ambient air (also flowing in response to
the vacuum) is introduced through a diffuser plate located
This Innovative Technology Evaluation Report provideswvithin the upper screened section of the well, causing air
information from the SITE demonstration of the UVBbubbles to form in the water pulled into the well. The
technology that is useful for remedial managerstising air bubbles provide the air-lift pump effect that
environmental consultants, and other potential technologyoves water toward the top of the well and draws water
users in implementing the technology at Superfund anidto the lower screened section of the well. This pumping
Resource Conservation and Recovery Act (RCRAgffectis supplemented by a submersible pump that ensures
hazardous waste sites. Section 1.0 presents an overvievilwdt water flows from bottom to top in the well. As the air
the SITE program, describes the UVB technology, andubbles rise through the water column, volatile
lists key contacts. Section 2.0 discusses informatiocompounds are transferred from the aqueous to the gas
relevant to the technology’s application, including armphase. The transfer of volatile compounds is further
assessment of the technology related to the nine feasibilignhanced by a stripping reactor located immediately
study evaluation criteria used for decision making in thabove the air diffuser. The stripping reactor consists of a
Superfund process, potential applicable environmentdlluted and channelized column that facilitates the transfer
regulations, and operability and limitations of theof volatile compounds to the gas phase by increasing the
technology. Section 3.0 summarizes the costs associateahtact time between the two phases and by minimizing
with implementing the technology. Section 4.0 presentihe coalescence of air bubbles. The rising air transports
the site characterization, demonstration approachplatile compounds to the top of the well casing where
demonstration procedures, and the results and conclusiahey are removed by the blower. The blower effluent is
of the demonstration. Section 5.0 summarizes th&eated before discharge using a carbon adsorption unit.
technology status, and Section 6.0 includes a list of
references. Appendices A and B present the Dye Tra€@nce the upward stream of water leaves the stripping
Study Report conducted during the SITE demonstratioreactor, the water falls back through the well casing and

and case studies provided by the developer. returns to the aquifer through the upper well screen. This
return flow to the aquifer, coupled with inflow at the well
The UVB Technology bottom, circulates groundwater around the UVB well. The

extent of the circulation pattern is known as the radius of
The UVB technology is a patented in situ groundwatecirculation cell, which determines the volume of water
remediation technology (developed in Germany) thaaffected by the UVB system.



Waste Applicability (S5) Document pre- and post-treatment off-gas
volatile organic contaminant levels

The UVB technology demonstrated at March AFB

removed trichloroethene (TCE) and 1,1-dichloroethene (S6) Document system operating parameters

(DCE) from groundwater. The developer claims that the

technology can also clean aquifers contaminated with

other organic compounds, including volatile and

ser_nivolatilg hydrocarbons. Additionally, the d_eveloper_l_he demonstration program objectives were achieved
claims that in some cases the UVB technology is capab rough the collection of groundwater and soil gas

of simultaneous recovery of soil gas from the vadose zone. :
samples, as well as UVB system process air stream

samples over a 12-month period. To meet the objectives,
data were collected in three phases: baseline sampling,

The SITE demonstration for the UVB technology wa long-term sampl_lng,_ and dye trace sam_pllng. Baseline and
‘T]ong-term sampling included the collection of groundwater

esigned with three primary and seven seconda : o .
designe ee P Y d se eco gamples from eight monitoring wells, a soil gas sample

objectives to provide potentia| users of the teChnOIO(‘Wrom the soil vapor monitoring well, and air samples from
with the information necessary to ass th licabili . '
€ no ° ce y 10 assess e applic e three UVB process air streams both before UVB

of the UVB system at other contaminated sites. ' Th stem startup and monthly thereafter. In addition, a dye
following primary and secondary objectives were selecte?y pan y ' ’ y,
) race study was implemented to evaluate the system’s
to evaluate the technology: : . : . )
radius of circulation cell. This study included the
introduction of fluorescent dye into the groundwater and
the subsequent monitoring of 13 groundwater wells for the

gPresence of dye three times a week over a 4-month period.

(S7) Evaluate the presence of aerobic biological
activity in the saturated and vadose zones

Demonstration Objectives and Approach

Primary Obijectives:

(P1) Determine the concentration to which the UV
technology reduces TCE and DCE in groundwatebemonstration Conclusions
discharged from the treatment system

(P2) Estimate the radius of circulation cell of theBased on the UVB SITE demonstration, the following
conclusions may be drawn about the applicability of the
UVB technology:

(P3) Determine whether TCE and DCE concentrations

have been reduced in groundwater (both vertically and Results of chemical analyses of samples from the
horizontally) within the radius of circulation cell of ~ UVB system wells indicate that the UVB treatment

groundwater treatment system

the UVB system over the course of the pilot study system removed TCE and DCE from the groundwater.
The UVB system reduced TCE in the groundwater
Secondary Objectives: discharged from the treatment system to below 5

micrograms per liter (ug/L) in nine out of the 10
monthly monitoring events and on average by greater
(S1) Assess homogenization of the groundwater than 94 percent during the period in which the system
within the zone of influence operated without apparent maintenance problems.
_ _ The mean TCE concentration in water discharged
(S2) Document selected aquifer geochemical from the system was approximately 3 pg/L; however,
characteristics that may be affected by oxygenation o upper confidence limit at the 95 percent
and recirculation of treated groundwater confidence level was calculated to be approximately 6
pg/L. The UVB system reduced DCE to less than 1
pg/L in groundwater discharged from the treatment
system; however, the system’s ability to remove DCE
could not be meaningfully estimated due to the low
(less than 4 pg/L) influent concentration of DCE.

(S3) Determine whether the treatment system induces
a vacuum in the vadose zone that suggests vapor
transport

(S4) Estimate the capital and operating costs of
constructing a single treatment unit to remediate
groundwater contaminated with TCE and DCE



The radius of circulation cell of the groundwater
treatment system was estimated by both direct and
indirect methods. The radius of circulation cell was
directly measured by conducting a dye trace study.
Based on the dye trace study, the radius of circulatiort
cell was measured to be at least 40 feet (12.2 meters
[m]) in the downgradient direction. The radius of
circulation cell was indirectly evaluated by (1)
modeling of the groundwater flow, and (2) analyzing
aquifer pump test data (step-test and constant rate).
Groundwater flow modeling results indicate a radius
of circulation cell of 83 feet (25.3 m). The drawdown
measured in the observation wells during the pump
tests provided information on the size and shape of the
cone of depression at various pumping rates. The size
and shape of the cone of depression observed during
the pump tests was used to estimate the radius of
circulation cell of the UVB system well operating at a
constant rate of 20 gallons per minute (75.7 liters per
minute). The observed drawdown data from the pump
tests indicated a radius of circulation cell of about 60
feet (18.3 m). The pump test data are not directly
applicable to determining the radius of circulation cell
of the UVB circulation cell. An attempt was made to
indirectly evaluate the radius of circulation cell using
variations of target compound concentrations and
fluctuations of dissolved oxygen in surrounding
groundwater monitoring wells. However, these
methods did not provide a reliable or conclusive
estimate of the radius of circulation cell.

TCE and DCE concentrations in samples from the
shallow and intermediate zone wells were reduced
both vertically and laterally except in the intermediate

outer cluster well, which showed an increase in

concentration. TCE concentrations were reduced
laterally by an average of approximately 52 percent in
the shallow and intermediate zones of the aquifer over
a 12 month period. No reduction of either TCE of

DCE was observed in the deep zone, which could be
due to limited duration of monitoring in this zone.

A convergence and stabilization of TCE and DCE *
concentrations was observed in samples from the
shallow and intermediate zones of the aquifer, which
suggest homogenization of the groundwater.

No clear trends in the field parameters, general
chemistry, and dissolved metals results were observed
that would indicate significant precipitation of

dissolved metals, changes in dissolved organic
carbon, or the presence of dissolved salts caused by the
increase in oxygen in the groundwater.

Although the developer claims that the UVB system
has applications to cleanups of both groundwater and
soil gas, the system installed at Site 31 was designed to
remove halogenated hydrocarbons from the
groundwater only. The VOC concentrations and
vacuum measurements in the vapor monitoring well
indicate that migration of contaminants in the vadose
zone was not significantly affected by operation of the
UVB system as designed. Changes in system design
and operating parameters may lead to significant
transport of contaminants in the vadose zone.

One-time capital costs for a single treatment unit were
estimated to be $180,000; variable annual operation
and maintenance costs for the first year were
estimated to be $72,000, and $42,000 for subsequent
years. Based on these estimates, the total cost for
operating a single UVB system for 1 year was
calculated to be $260,000. Since the time required to
remediate an aquifer is site-specific, costs have been
estimated for operation of a UVB system over a range
of time for comparison purposes. Therefore, the cost
to operate a single UVB system was calculated to be
$340,000 for 3 years, $440,000 for 5 years, and
$710,000 for 10 years. Additionally, the costs for
treatment per 1,000 gallons (3,785 liters [L]) of
groundwater were estimated to be $260 for 1 year,
$110 for 3 years, $88 for 5 years, and $71 for 10 years.
The costs for treatment per 1,000 liters (264.2 gallons)
of groundwater were estimated to be $69 for 1 year,
$29 for 3 years, $23 for 5 years, and $19 for 10 years.
The cost of treatment per 1,000 gallons (3,785 L)
refers to the amount of groundwater pumped through
the system. Potential users of the treatment
technology should be aware that typically 60 to 90
percent of the water pumped through the system is
recirculated water.

The results from air monitoring of the UVB treatment
system indicated that low concentrations of TCE are
being removed from the groundwater. TCE
concentrations reduced by the UVB system correlate
to trends observed in target compounds concentrations
in the inner cluster monitoring wells (that is,
increasing concentration from the baseline event to
the third monthly monitoring event with a subsequent
decrease in concentrations).



» The temperature of the internal monitoring ports
ranged from 18.5 to 44.7 degrees Celsius; the relative
humidity ranged from 27 to 100 percent; the vacuum
pressure ranged from 13.81 to 15.03 pounds per
square inch absolute (9,709.81 to 10,567.59 kilograms
per square meter); the air flow ranged from 100 to 898
standard cubic feet per minute (47.2 to 423.9 liters per
second); and the velocity ranged from 1,109 to 9,999
feet per minute (563.4 to 5,079.5 centimeters per
second).

» Bioactivity in the soil and groundwater was not
significantly enhanced by the UVB system operation.

Other Case Studies

According to the developer, the UVB technology has been
applied at about 80 sites in Europe, and 22 systems are
operating in the United States. In Appendix B, the
developer has provided two case studies from Germany
involving trichloroethene, 1,1,1-trichloroethane, and
dichloromethane; a case from North Carolina involving
benzene, toluene, ethylbenzene, and xylene; and the
developer's interpretation of the data collected during this
SITE demonstration.

Technology Applicability

The technology was analyzed to identify its advantages,
disadvantages, and limitations. The UVB technology was
evaluated based on the nine criteria used for decision
making in the Superfund feasibility study process.
Table ES-1 presents the evaluation. The overall
effectiveness of the system depends upon the time
available for mass exchange between dissolved and vapor
phase, the concentration gradient, the temperature of the
operating system, the interface area of the bubble (bubble
size), and the contaminant gas-liquid partitioning (mass
transfer coefficient). The technology employs readily
available equipment and materials. Material handling
requirements and site support requirements are minimal.
The technology as presented at the SITE demonstration is
limited to treatment of VOCs in the saturated zone and
capillary fringe.



CRITERION

Table ES-1. Feasibility Study Evaluation Criteria for the UVB Technology

UVB TECHNOLOGY ASSESSMENT

Overall Protection of Human
Health and the Environment

Compliance with Federal
Applicable or Relevant and
Appropriate Requirements
(ARARSs)

Long-Term Effectiveness
and Permanence

Reduction of Toxicity,
Mobility, or Volume Through
Treatment

Short-Term Effectiveness

Implementability

The technology eliminates contaminants in the groundwater and prevents further
migration of those contaminants with minimal exposure to on-site workers and the
community. Air emissions are reduced by using carbon adsorption units.

Compliance with chemical-, location-, and action-specific ARARs must be
determined on a site-specific basis. Compliance with chemical-specific ARARs is
dependent on (1) treatment efficiency of the UVB system, (2) influent contaminant
concentrations, and (3) the amount of treated groundwater recirculated within the
system.

Contaminants are permanently removed from the groundwater. Treatment
residuals (activated carbon) require proper off-site treatment and disposal.

Contaminant mobility is initially increased, which facilitates the long-term
remediation of the groundwater within the system's radius of circulation ceil. The
movement of contaminants toward the UVB system within the system's capture
zone prevents further migration of those contaminants and ultimately reduces the
volume of contaminated media.

During site preparation and installation of the treatment system, no adverse
impacts to the community, workers, or the environment are anticipated. Short-
term risks to workers, the community, and the environment are presented by
increased mobility of contaminants during the initial start-up phase of the system
and from the system's air stream. Adverse impacts from the air stream are
mitigated by passing the emissions through carbon adsorption units before
discharge to the ambient air. The time for treatment using the UVB system are
dependent on site conditions and may require several years.

The site must be accessible to large trucks. The entire system requires about
500 square feet (46.5 square meters). Services and supplies may include a drill
rig, carbon adsorption regeneration/disposal (or other off-gas treatment system),
laboratory analysis, and electrical utilities.




Table ES-1. Feasibility Study Evaluation Criteria for the UVB Technology (continued)

CRITERION UVB TECHNOLOGY ASSESSMENT
7 Cost Capital costs for installation are $180,000, and annual operation and
maintenance costs are $72,000.
8 Community Acceptance  The small risks presented to the community along with the permanent removal of
the contaminants make public acceptance of the technology likely.
9 State Acceptance State acceptance is anticipated because the UVB system uses well-documented

and widely accepted processes for the removal of VOCs from groundwater and
for treatment of the process air emissions. State regulatory agencies may require
permits to operate the treatment system, for air emissions, and to store
contaminated soil cuttings and purge water for greater than 90 days.




Section 1
Introduction

This report summarizes the findings of an evaluation of theemonstration results and quality assurance/quality
Unterdruck-Verdampfer-Brunnen (UVB) technology control (QA/QC) program used to ensure the quality and
developed by IEG Technologies Corporation (IEG) andisability of data. The document is intended to provide a
demonstrated in association with Roy F. Weston, Inc. Thigcord of all information generated during the UVB
evaluation was conducted under the U.S. Environmentdiemonstration and is intended for use during the QA/QC
Protection Agency (EPA) Superfund Innovativereview of the ITER.
Technology Evaluation (SITE) program. The UVB
treatment technology was demonstrated over a period ®his section provides background information about the
12 months from April 1993 to May 1994 at March Air EPA SITE program, discusses the purpose of this ITER,
Force Base (AFB) in Riverside, California. and describes the UVB technology. Additional
information about the SITE program, the UVB
This Innovative Technology Evaluation Report (ITER)technology, and the demonstration can be obtained by
provides information from the SITE demonstration of thecontacting the key individuals listed at the end of this
UVB technology that is useful for remedial managerssection.
environmental consultants, and other potential technology
users in implementing the technology at Superfund anil1 The SITE Program
Resource Conservation and Recovery Act (RCRA)
hazardous waste sites. Section 1.0 presents an overviewsdf e is a formal program established by EPA’s Office of
the SITE program, describes the UVB technology, anéolid Waste and Emergency Response (OSWER) and
lists key contacts. Section 2.0 discusses informatiOOfﬁce of Research and Deve|opment (ORD) in response
relevant to the technology’s application, including ang the Superfund Amendments and Reauthorization Act of
assessment of the technology related to the nine feasibilifpge (SARA). The SITE program’s primary purpose is to
study evaluation criteria, potential applicable environmentahaximize the use of alternatives in cleaning up hazardous
regulations, and operability and limitations of thewaste sites by encouraging the development, demonstration,
technology. Section 3.0 summarizes the costs associatgqd use of new or innovative treatment and monitoring
with implementing the technology. Section 4.0 presentgchnologies. It consists of four major elements:
the site characterization, demonstration approach,
demonstration procedures, and the results and conclusions |dentify and remove obstacles to the development and
of the demonstration. Section 5.0 summarizes the commercial use of alternate technologies_
technology status, and Section 6.0 includes a list of
references. Appendices A and B present the Dye Trace Structure a development program that nurtures
Study Report conducted during the SITE demonstration emerging technologies.
and case studies provided by the developer.
» Demonstrate promising innovative technologies to
An accompanying document to the ITER, the Draft UVB  establish reliable performance and cost information
Technology Evaluation Report (TER) (PRC 1995), has for site characterization and cleanup decision-making.
also been prepared. The TER includes a detailed .
presentation of the demonstration procedures used tb Develop procedures and policies that encourage the
collect and analyze samples, tabulated summaries of the selection of available alternative treatment remedies



at Superfund sites, as well as other waste sites amsgecific characteristics. It also discusses advantages,
commercial facilities. disadvantages, and limitations of the technology.

Technologies are selected for the SITE DemonstratioRach SITE demonstration evaluates the performance of a
Program through annual requests for proposals. ORD stafichnology in treating a specific material.  The
review the proposals to determine which technologiegharacteristics of other materials may differ from the
show the most promise for use at Superfund sitegharacteristics of the treated material.  Therefore,
Technologies chosen must be at the pilot- or full-scalguccessful field demonstration of a technology at one site
stage, must be innovative, and must have some advantagifes not necessarily ensure that it will be applicable at
over existing technologies. Mobile technologies are oOfther sites. Data from the field demonstration may require
particular interest. extrapolation for estimating the operating ranges in which
the technology will perform satisfactorily. Only limited
Once EPA has accepted a proposal, cooperativ@nclusions can be drawn from a single field
agreements between EPA and the developer establigmonstration.
responsibilities for conducting the demonstrations and
evaluating the technology. The developer is responsiblg 3 Technology Description
for demonstrating the technology at the selected site and is
expected to pay any costs for transport, operations, apghy F \weston, Inc. in association with IEG Technologies
removal of the equipment. EPA is responsible for projegtqmqration (IEG), conducted the pilot-scale demonstration
planning, sampling and analysis, quality assurance ang ihe UvB technology (Figure 1-1). The UVB system is
quality control, preparing reports, disseminating,, iy sity remediation technology for the cleanup of
information, and transporting and disposing of treated, jiters contaminated with volatile organic compounds
waste materials. (VOCs). The UVB system is a patented technology

developed in Germany that consists of a single well with

The results.ofthe demonstration are published in two basig, yqraulically separated screened intervals installed
documents: the SITE technology capsule and the ITERihin™ a single permeable zone. The UVB system

The SITE technology capsule provides information on thg, mpines ajr-lift pumping and air stripping to facilitate the
technology, emphasizing key features of the results of the oy of volatile compounds (Weston 1992).  Air-lift
SITE demonstration. Both the SITE technology Capsu'ﬁumping effects are enhanced by adding a submersible

and the ITER are intended for use by remedial managess my 1 transport water from the well bottom to the upper
making a detailed evaluation of the technology for g 45 jic section. Stripped volatile compounds are

specific site and waste. removed from the well head by a blower and are captured

_ in a carbon adsorption unit before releasing the stripped air

1.2 Innovative Technology to the atmosphere. Once stripped of volatile compounds,
Evaluation Report treated water reinfiltrates into the aquifer through the

upper screen of the UVB system. The movement of water
This ITER provides information on the UVB technologythrough the UVB system creates a hydraulic circulation
and includes a comprehensive description of theattern in the aquifer, which constitutes the UVB
demonstration and its results. The ITER is intended fasirculation cell.
use by EPA remedial project managers, EPA on-scene
coordinators, contractors, and other decision makers fdihe air-lift effect occurs in response to negative pressure
implementing specific remedial actions. The ITER igntroduced at the well head by a blower. This blower
designed to aid decision makers in evaluating specificreates a vacuum that draws water into the well through the
technologies for further consideration as an option in wer screened portion of the well. Simultaneously,
particular cleanup operation. ambient air (also flowing in as a response to the applied

vacuum) is introduced through a diffuser plate, causing
To encourage the general use of demonstratdalibbles to form in the water that is pulled into the well.
technologies, the ITER provides information regardingrhe rising air bubbles provide the air-lift pump effect that
the applicability of each technology to specific sites angnoves water toward the top of the well and causes a
wastes. The ITER includes information on cost and sitesuction effect at the well bottom. This pumping effect may
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be supplemented by a submersible pump that ensures thtz¢ UVB system have been designed with leveling ballast
water flows from bottom to top in the well. As the airthat allows the system to be free floating. This feature
bubbles rise through the water column, transfer of volatilallows the system to compensate for fluctuations in
compounds from the agueous to gas phase occurs. Ti@undwater elevation during operation and, thereby,
rising air transports volatile compounds to the top of thenaintain maximum volatilization.
well casing where they are removed by the blower. The
blower effluent is treated using a carbon adsorption unithe upward stream of water in the well is drawn up to a
before discharge to the ambient air. maximum height of about 3 feet (0.9 meters [m]) above the
groundwater table in response to the vacuum and air-lift
The upper portion of the well is hydraulically separategpumping. Once the hydrostatic head (height of the water
from the lower portion by a packer, as shown in Figure leolumn drawn up into the well casing) exceeds the sum of
1. However, a small (3-inch or 7.6 centimeter [cm]) watethe buoyancy (air-lift) force and pressure head (vacuum)
inlet pipe inserted through the packer connects the twlorce in the well, the water falls back through the well
sections of the well. Water from the bottom of the aquifecasing and returns through the upper well screen to the
flows into the well through a screened portion of the casingquifer. This return flow to the aquifer coupled with
in response to a pressure gradient, air-lift pump effect, andflow at the well bottom circulates groundwater around
a submersible pump. The pressure gradient from the uppgee UVB well. The extent of the circulation pattern is
well to the lower well results from the vacuum applied irknown as the radius of circulation cell and determines the
the upper well. These forces then draw water up througlolume of water affected by the UVB system when there is
the inlet pipe from the lower part of the well and into thenegligible natural groundwater flow.
upper part of the well, where it is introduced to the air
diffuser. The radius of circulation cell and shape of the circulation
pattern are directly related to the aquifer properties. The
Stripping is initiated by the air sieve pin hole plate thatirculation pattern is further modified by natural
disperses air bubbles within the water column to increaggoundwater flow that skews the pattern in the
transfer of volatile compounds from the aqueous to thdowngradient direction. Numerical simulation of the
gaseous phase. This process is further enhanced byJ¥B operation indicates that the radius of circulation cell
fluted and channelized column that facilitates the transfas largely controlled by anisotropy (horizontal [Kand
of volatile compounds to the gaseous phas